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DISPLAY DEVICE AND SCANNING CIRCUIT 
TESTING METHOD 

This application is a divisional of US. application Ser. No. 
10/378,342, ?led Mar. 3, 2003 now US. Pat. No. 6,909,304 
(noW allowed), the teachings of Which are incorporated herein 
by reference. 

FIELD OF THE INVENTION 

The present invention relates to a display device that is 
capable of judging an operating state of a scanning circuit. 
The invention also relates to a scanning circuit testing method 
for such a display device. 

BACKGROUND OF THE INVENTION 

Conventionally, liquid crystal display devices of a mono 
lithic type, used as a display device, are generally adapted to 
sample video data via analog sWitches that are controlled by 
shift registers. 

For example, as shoWn in FIG. 11(a), the liquid crystal 
display device includes a pixel capacitor C LC and an auxiliary 
capacitor CS that are connected to each pixel in a pixel section, 
and TFTs (Thin Film Transistors) are provided at the inter 
sections of a plurality of gate lines in the roW direction and a 
plurality of data lines in the column direction. The gate lines 
are connected to a gate driver and the data lines are connected 
to a source driver. 

Further, counter electrodes are provided opposite the TFTs 
and a liquid crystal layer. The counter electrodes receive a 
counter voltage VCOM to drive the liquid crystal. 

The gate driver successively outputs gate pulses to sequen 
tially scan the gate lines and select pixels of a roW per hori 
Zontal period. 

The source driver, using the shift registers, sequentially 
scans the data lines per horizontal period, so as to point 
sequentially Write video data to the pixels of a sampled and 
selected roW. This enables image display. 
The source driver includes shift registers and analog 

sWitches, as shoWn in FIG. 11(b). 
As in normal display as above, in testing the driver for 

malfunction, the analog sWitches that are controlled by the 
shift registers are also used to sample video data Vvideo 1 and 
Vvideo 2, Which are supplied to the source driver. 

Namely, testing of the driver is carried out in the same 
manner as in normal display in that the driver is ?rst operated 
to Write data into the pixels and operated again to read out the 
charge held in each pixel, using the analog sWitches. The 
operating state of the driver is tested or judged by this opera 
tion, by Way of ?nding defect pixels. 

HoWever, such a testing method is bound to a problem in 
that the S/N ratio and the accuracy of testing suffer as the pixel 
capacitance becomes smaller and the amount of charge read 
out is reduced, as in a small and ?ne resolution display device 
for projection use. The S/N ratio could be improved by 
increasing the number of measurements. In this case, hoW 
ever, testing needs to be carried out for extended periods of 
time. 

Further, the foregoing method judges malfunction of the 
driver according to characteristics of defect pixels. Accord 
ingly, data processing takes time, Which loWers testing e?i 
ciency. 
As a countermeasure, there has been proposed a display 

device of a structure in Which pads are used to test the driver 
circuits (scanning circuits), for example as shoWn in FIG. 10. 
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2 
In this example, tWo driver circuits are provided to render 

the display device redundancy. For example, even When one 
of the driver circuits fails, the operations of the display device 
as a Whole are ensured With the normal driver circuit. 

In another type of display device, as shoWn in FIG. 12, pads 
103 are provided Within or on the periphery of a gate driver 
101 and a source driver 102. The pads 103 are fed With the 
output from the last stage of the scanning circuit of the driver 
and a testing probe is brought into contact With the pad 103 to 
detect a signal. Testing accuracy and testing ef?ciency are 
improved this Way. 

Further, Japanese Publication for Unexamined Patent 
Application No. 194421/1994 (Tokukaihei 6-194421; pub 
lished on Jul. 15, 1994) proposes a semiconductor device in 
Which a number of testing circuitry that is required for func 
tion tests is installed in a plurality of target circuits. The 
testing circuitry includes means for storing information for 
the function test, and means for transmitting structural infor 
mation of the target circuit to the testing circuitry. In this Way, 
the structure of the testing circuitry can be simpli?ed and the 
testing means can be provided more conveniently, thereby 
carrying out BIST (Built-In Self Test) more ef?ciently. 

HoWever, the structure shoWn in FIG. 12 requires a plural 
ity of pads 103, Which are speci?cally designated for testing. 
Further, the provision of the tWo gate driver circuits increases 
the number of testing pads required, as shoWn in FIG. 10. 

This inevitably increases the pad area under severe con 
straints on driver area particularly in small and ?ne resolution 
panels, mobile devices, and small and ?ne resolution display 
devices for projection use. Further, in vieW of space restric 
tion on Wiring and protection against ESD (Electrostatic Dis 
charge), the stylus of the probe card must accommodate to the 
array of pads that greatly differs from that of input terminal 
pads for receiving external input signals. 

Further, because the large area pads are directly connected 
to the logic circuits, the pads 103 function as an antenna to 
cause damage by ESD. 

Further, the structure of the foregoing publication requires 
complex testing circuitry for the function tests. Installing 
such testing circuitry in a liquid crystal display device of a 
driver monolithic type is not practical When considering 
required processing accuracy that is determined based on the 
required level of micro-fabrication of the display section and 
the area of the display section, and When considering the 
circuit structure of the driver. Accordingly, there is a need for 
a more e?icient testing method. 

SUMMARY OF THE INVENTION 

A main object of the present invention is to provide a 
display device and a scanning circuit testing method therefor, 
Which enable scanning circuits to be tested both surely and 
quickly, Without increasing the area or complexity of the 
circuit. 

In order to achieve the foregoing object, a display device of 
the present invention includes: a gate driver for line-sequen 
tially selecting pixels that are disposed in a matrix, so as to 
scan the pixels; a source driver for supplying a data signal to 
the pixels of a selected line; and a substrate, at least one of the 
gate driver and the source driver being monolithically formed 
on the substrate, Wherein: the gate driver and the source driver 
each comprises a scanning circuit, and the scanning circuit of 
at least one of the gate driver and the source driver monolithi 
cally formed on the substrate periodically receives a clock 
signal and a start pulse, the start pulse having a certain Width 
and being shifted as shift data in the scanning circuit in 
synchronism With the clock signal, and the start pulse is 
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supplied to a ?rst logic circuit With an output that is supplied 
after a predetermined delay from a last stage of the scanning 
circuit With respect to a shift direction of the shift data corre 
sponding to the start pulse, so as to test the scanning circuit 
using a ?rst output from the ?rst logic circuit. 

According to this arrangement, the start pulse and the shift 
data are used to test the scanning circuit, Where the shift data 
is the output that is supplied after a predetermined delay from 
the last stage of the scanning circuit With respect to the shift 
direction. 

In this Way, because the pulse With a certain Width is used 
as a test signal for logical operations, other pulses are pre 
vented from being recogniZed as the test signal. 

This ensures that the scanning circuit is judged properly. 
Namely, it is possible to judge Whether the scanning circuit is 
operating properly. 

Further, by monolithically forming the driver on the sub 
strate, the scanning circuit of the driver (driving circuit) can 
be formed in the same process of forming the sWitching 
elements. This eliminates the need to additionally forming the 
driver LSI, for example, and thereby reduces manufacture 
cost and the number of installation steps. 

Another display device of the present invention includes: a 
gate driver for line-sequentially selecting pixels that are dis 
posed in a matrix, so as to scan the pixels; a source driver for 
supplying a data signal to the pixels of a selected line, and a 
substrate, the gate driver and the source driver being mono 
lithically formed on the substrate, Wherein: the gate driver and 
the source driver each comprises a scanning circuit that has 
sWitching means for sWitching shift directions, the scanning 
circuit periodically receiving a clock signal and a start pulse, 
the start pulse having a certain Width and being shifted as shift 
data in the scanning circuit in synchronism With the clock 
signal, and the start pulse supplied to the scanning circuit of 
the gate driver in each shift direction is supplied to a ?rst logic 
circuit With an output that is outputted after a predetermined 
delay from a last stage of the scanning circuit of the gate 
driver With respect to the shift direction of the shift data 
corresponding to the start pulse, the ?rst logic circuit supply 
ing a ?rst output to a second logic circuit With respect to each 
shift direction, and Wherein: the start pulse supplied to the 
scanning circuit of the source driver in each shift direction is 
supplied to a third logic circuit With an output that is supplied 
after a predetermined delay from a last stage of the scanning 
circuit of the source driver With respect to the shift direction 
of the shift data corresponding to the start pulse, the third 
logic circuit supplying a third output to a fourth logic circuit 
With respect to each shift direction, and the second logic 
circuit and the fourth logic circuit respectively supply a sec 
ond output and a fourth output to a ?fth logic circuit, and the 
?fth logic circuit supplies a ?fth output that is used to test the 
scanning circuits of the gate driver and the source driver. 

According to this arrangement, because the pulse With a 
certain Width is used as a test signal for logical operations, 
other pulses are prevented from being recogniZed as the test 
signal. 

This ensures that the scanning circuit is judged properly. 
Namely, it is possible to judge Whether the scanning circuit is 
operating properly. 

In addition, the scanning circuit can be judged properly, for 
example, even in devices such as small and ?ne resolution 
panels, mobile devices, and small and high resolution display 
devices for projection use, Without increasing the area or 
complexity of the circuit. 

Yet another display device of the present invention 
includes: a gate driver for line-sequentially selecting pixels 
that are disposed in a matrix, so as to scan the pixels; a source 
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4 
driver for supplying a data signal to the pixels of a selected 
line, and a substrate, the gate driver and the source driver 
being monolithically formed on the substrate, Wherein: at 
least one of the gate driver and the source driver comprises: 
sWitching means for sWitching shift directions; and an analog 
sWitch for selecting a start pulse or an output from a last stage 
of either shift direction, the gate driver and the source driver 
each having a scanning circuit that periodically receives a 
clock signal and the start pulse in each shift direction, the start 
pulse having a certain Width and being shifted as shift data in 
the scanning circuit in synchronism With the clock signal, and 
the output from the last stage of the scanning circuit is sup 
plied to a logic circuit, and the logic circuit outputs a signal 
that is used to test the scanning circuits. 

According to this arrangement, because the pulse With a 
certain Width is used as a test signal for logical operations, 
other pulses are prevented from being recogniZed as the test 
signal. 

This ensures that the scanning circuit is judged properly 
With a simple structure in either shift direction. Namely, it is 
possible to judge, both quickly and accurately, Whether the 
scanning circuit is operating properly. 

Still another display device of the present invention 
includes: a gate driver for line-sequentially selecting pixels 
that are disposed in a matrix, so as to scan the pixels; a source 
driver for supplying a data signal to the pixels of a selected 
line, and a substrate, at least one of the gate driver and the 
source driver being monolithically formed on the substrate, 
Wherein: at least one of the gate driver and the source driver 
monolithically formed on the substrate comprises sWitching 
means for sWitching shift directions, at least one of the gate 
driver and the source driver monolithically formed on the 
substrate each having a scanning circuit that periodically 
receives a clock signal and the start pulse in each shift direc 
tion, the start pulse having a certain Width and being shifted as 
shift data in the scanning circuit in synchronism With the 
clock signal, the sWitching means sWitching the shift direc 
tions from a ?rst direction to a second direction after the start 
pulse has been shifted in the ?rst direction and transferred to 
a last stage of the ?rst direction, the shift data transferred to 
the last stage of the ?rst direction being shifted in the second 
direction in synchronism With the clock signal, by being 
temporarily held in a latch circuit or by being directly sup 
plied to the scanning circuit as data to be shifted in the second 
direction, the shift data transferred to a last stage of the second 
direction (i.e., input stage of the ?rst direction) being used to 
test the scanning circuit. 

According to this arrangement, the signal that is used to 
judge the scanning circuit is spatially returned to the input 
side of the shift register. This makes it possible to judge the 
scanning circuit. Namely, the scanning circuit can be judged 
Whether it is operating properly in either direction. Further, 
unnecessary terminals or long signal Wiring that are other 
Wise required can be eliminated to avoid complex Wiring. 
A scanning circuit testing method of the present invention 

includes the steps of: periodically supplying a clock signal 
and a start pulse to each of tWo scanning circuits of respective 
drivers, the start pulse having a certain Width and being 
shifted in synchronism With the clock signal; and carrying out 
a logical operationusing the start pulse and shift data, the shift 
data corresponding to the start pulse and being outputted from 
a last stage of the scanning circuit in a shift direction, so as to 
judge an operating state of each scanning circuit based on a 
result of the logical operation. 

According to this method, the start pulse and the shift data 
are used to test the scanning circuits, Where the shift data is the 
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output that is supplied after a predetermined delay from the 
last stage of the scanning circuit in the shift direction. 

Because the pulse With a certain Width is used as a test 
signal for logical operations, other pulses are prevented from 
being recogniZed as the test signal. 

This ensures that the scanning circuits are judged properly. 
Namely, it is possible to judge Whether the scanning circuit is 
operating properly. 

Another scanning circuit testing method comprising the 
steps of: periodically supplying a clock signal and a start 
pulse to a scanning circuit of a driver, the start pulse having a 
certain Width and being shifted as shift data in synchronism 
With the clock signal; shifting the shift data in a ?rst direction 
to a last stage of the ?rst direction and temporarily holding the 
shift data in a latch circuit; sWitching the shift direction from 
the ?rst direction to the second direction and shifting the shift 
data that Was transferred to the last stage of the ?rst direction 
further in the second direction, an output of a last stage of the 
second direction being used With a next start pulse to judge an 
operating state of the scanning circuit. 

According to this method, it is ensured that the scanning 
circuits are judged in either direction. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram schematically shoWing a struc 
ture of a liquid crystal display device according to one 
embodiment of the present invention. 

FIG. 2 is a circuit diagram shoWing a structure of shift 
registers. 

FIG. 3(a) is a circuit diagram shoWing a structure of a 
clocked latch, and FIG. 3(b) is a circuit diagram shoWing a 
structure ofA in FIG. 3(a). 

FIG. 4 is a timing chart shoWing driving operations of a 
start pulse in a shift direction. 

FIG. 5 is a circuit diagram shoWing a structure in Which 
analog sWitches are used to sWitch shift directions. 

FIG. 6 is a circuit diagram in Which an NOR gate and an 
EX-OR circuit are additionally connected in the source driver 
of FIG. 1. 

FIG. 7 is a circuit diagram schematically shoWing a liquid 
crystal display device according to another embodiment of 
the present invention. 

FIG. 8 is a circuit diagram schematically shoWing a liquid 
crystal display device according to yet another embodiment 
of the present invention. 

FIG. 9 is a cross sectional vieW schematically shoWing a 
structure of the liquid crystal display device. 

FIG. 10 is a circuit diagram schematically shoWing a con 
ventional liquid crystal display device. 

FIG. 11(a) is a circuit diagram schematically shoWing 
another conventional liquid crystal display device, and FIG. 
11(b) is a circuit diagram shoWing a structure of a shift reg 
ister shoWn in FIG. 11(a). 

FIG. 12 is a circuit diagram schematically shoWing a struc 
ture of still another conventional liquid crystal display device. 

DESCRIPTION OF THE EMBODIMENTS 

First Embodiment 

One embodiment of a display device according to the 
present invention is described beloW With reference to FIG. 1 
through FIG. 6, and FIG. 9. 
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A liquid crystal display device (display device) of the 

present embodiment includes an active-matrix substrate and a 
counter substrate, Which are disposed face to face via a liquid 
crystal layer. The liquid crystal display device also includes 
pixels that are provided in a matrix to make up a pixel array 
section. 
The active-matrix substrate includes, as shoWn in FIG. 9, a 

glass substrate (insulating substrate) 90, thin ?lm transistors 
(“TFTs” hereinafter) 99, pixel electrodes 92, gate lines, data 
lines, an interlayer insulating ?lm 94, and auxiliary capacitor 
Wiring (“CS Wiring” hereinafter) 93. 

Each TFT 99 is composed of a gate electrode 91 of the gate 
line, a data electrode of the data line, a channel layer, an gate 
insulating ?lm 95, a CG-Si ?lm 98, and metal Wiring 100. 
On the glass substrate 90, there are monolithically formed, 

as shoWn in FIG. 1, a gate driver (driver) 1 having a gate 
scanning circuit (scanning circuit) connected to the gate lines, 
and a source driver (driver) 2 having a source scanning circuit 
(scanning circuit) connected to the data lines. The gate scan 
ning circuit and the source scanning circuit are realiZed by 
shift registers. 
On the counter substrate are provided counter electrodes, 

Which, together With the pixel electrodes 92, drive a liquid 
crystal. 

Referring to FIG. 9, the folloWing describes a principle of 
liquid crystal driving. 

For image display, the liquid crystal display device sequen 
tially scans display data along the gate lines. 

For example, in horiZontal scanning of a gate line, an ON 
gate voltage is applied to the gate line to turn ON the TFTs 99. 
Here, the other gate lines receive an OFF gate voltage to 
remain OFF. In this manner, the gate lines are horizontally 
scanned to turn ON only the TFTs 99 of the gate line being 
scanned. Here, a signal voltage applied to the data line is 
supplied to the pixel electrode 92 of the gate line from a 
source electrode via a drain electrode. 
The charge supplied to the pixel electrode 92 is stored in a 

capacitor. The liquid crystal on each pixel electrode 92 is 
driven by the potential difference across the pixel voltage 
applied to the pixel electrode 92 and the counter voltage 
applied to the counter electrode. 
The pixel voltage is held by the capacitor for the duration of 

single display scanning (one frame period), i.e., until the next 
gate voltage is applied, so as to drive the liquid crystal. Note 
that, as the term is used herein, “one frame period” is the 
period of single vertical scanning of a liquid crystal panel 
from the top to the bottom of the screen, plus a blanking time 
before the next frame. 
The required pixels are displayed by thus sequentially 

scanning the gate lines and applying a signal voltage to all 
data lines according to a state of driving of each pixel. 

Referring to FIG. 1, the folloWing describes structures of 
the gate driver 1 and the source driver 2. The gate driver 1 and 
the source driver 2 Will also be described in relation to a 
testing method of their gate scanning circuit and the source 
scanning circuit. Note that, the gate driver 1 and the source 
driver 2 are capable of bi-directional scanning. 
The gate driver 1 and the source driver 2 externally receive 

signals from an input pad (driving signal input terminal) 5 and 
an input pad (driving signal input terminal) 4, respectively. 
The gate driver 1 receive a clock signal G-CK (CK) and a 

start pulse G-SP. The start pulse G-SP (SP) is supplied as shift 
data to the shift registers (scanning circuit) of the gate driver 
1 in synchronism With the clock signal G-CK by being shifted 
through the ?rst stage to the m-th (last) stage. Here, the last 
stage (m-th stage) of the shift direction outputs the shift data 
after a predetermined delay, as shoWn in FIG. 4. 
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The output of the m-th stage is supplied to a ?rst logic 
circuit, Which is realized by a NAND gate 13 and an inverter 
14. 

Then, the shift direction is sWitched (from ?rst direction to 
second direction) by a scanning direction sWitching signal, so 
as to shift the start pulse G-SP as shift data from the m-th stage 
to the ?rst stage (last stage) of the shift registers in the gate 
driver 1 in synchronism With the clock signal G-CK. Here, the 
last stage (?rst stage) of the shift direction outputs the shift 
data after a predetermined delay. 

The output of the ?rst stage is supplied to a ?rst logic 
circuit, Which is realiZed by a NAND gate 11 and an inverter 
12. 

The output (?rst output) of the inverter 12 and the output 
(?rst output) of the inverter 14 are supplied to a second logic 
circuit, Which is realiZed by an NOR gate 15. 

The source driver 2 receives a clock signal S-CK (CK) and 
a start pulse S-SP (start pulse). The start pulse S-SP (SP) is 
supplied as shift data to the shift registers of the source driver 
2 by being shifted through the ?rst stage to the n-th stage (last 
stage) of the shift registers. Here, the last stage (n-th stage) of 
the shift direction outputs the shift data after a predetermined 
delay, as shoWn in FIG. 4. 

The output of the n-th stage is supplied to a third logic 
circuit (i.e., ?rst logic circuit that receives the start pulse and 
the shift data, the shift data corresponding to the start pulse 
and being the output that is supplied after a predetermined 
delay from the last stage (n-th stage) of the shift direction), 
Which is realiZed by a NAND gate 23 and an inverter 24. 

Then, the shift direction in the shift registers is sWitched, so 
as to shift the start pulse S-SP as shift data from the n-th stage 
to the ?rst stage (last stage) of the shift registers in the source 
driver 2 in synchronism With the clock signal S-CK. Here, the 
last stage (?rst stage) of the shift direction outputs the shift 
data after a predetermined delay. 

The output of the ?rst stage is supplied to a third logic 
circuit, Which is realiZed by a NAND gate 21 and an inverter 
22. 

The output (third output) of the inverter 22 and the output 
(third output; NB, the output of the inverter 24 is the ?rst 
output When the ?rst logic circuit is realiZed by the NAND 
gate 23 and inverter 24) of the inverter 24 are supplied to a 
fourth logic circuit, Which is realiZed by an NOR gate 25 
(NB, the NOR gate 25 is the second logic circuit When the 
?rst logic circuit is realiZed by the NAND gate 23 and inverter 
24, and the output of the second logic circuit is the second 
output in this case). 

The output (second output) of the NOR gate and the output 
(fourth output) of the NOR gate 25 are supplied to a ?fth logic 
circuit, Which is realiZed by an EX-OR (Exclusive OR) circuit 
30. The output (?fth output, test output signal) of the EX-OR 
circuit 30 is supplied to a testing pad (testing terminal) 3 for 
external use. 

That is, in the gate driver 1 and the source driver 2, Which 
are adapted to bi-directional scanning, the output of the NOR 
gate from the gate driver 1 and the output of the NOR gate 
from the source driver 2 are supplied to the EX-OR circuit 30. 
The output of the EX-OR circuit 30 is fed to the testing pad 3, 
Which is disposed side by side With ordinary input pads 4 and 
5. 

In order to ?nd Whether the scanning circuits are operating 
normally, a probe stylus is brought into contact With the 
testing pad 3 to observe Whether there is a difference in logic 
level betWeen the output (last output) of the testing pad 3 at a 
predetermined timing and the outputs before and after this 
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timing. For example, the scanning circuits are tested normal 
When the output logic level is l at a predetermined timing and 
is 0 at other timings. 
The operating states (normal or abnormal) of the scanning 

circuits can also be found by other methods, for example, by 
directly bringing a probe stylus into contact With the outputs 
ofthe NOR gates 15 and 25. 

Alternatively, the operating states of the scanning circuits 
may be found by directly observing the respective outputs of 
the NAND gate 11 or 13 and the NAND gate 21 or 23, or of the 
inverter 12 or 14 and the inverter 22 or 24. This is also 
applicable to drivers that do not accommodate bi-directional 
scanning. 
The logic elements of the logic circuits may be combined in 

any Ways so long as the same logic can be attained in the end. 
Further, not limited to the positive logic, the logic circuits can 
operate in the same manner With respect to the negative logic 
as Well. 

The bi-directional scanning of the gate driver 1 and the 
source driver 2 is realiZed by the shift registers of a structure 
shoWn in FIG. 2. In FIG. 2, R is the shift direction from the left 
to right, L is the shift direction from the right to left, and q) is 
a control signal. 
The input start pulse SP is shifted With half the period of the 

clock signal CK, and the pulse Width of the output shift data 
is the period of the clock signal CK. Under normal conditions, 
the pulse Width of the output shift data is set to half the period 
of the clock signal CK, by providing a NAND gate or a 
frequency demultiplier circuit betWeen adjacent outputs, so 
as to avoid overlap of adjacent pulses. 

In order to delay the output from the last stage of the shift 
registers by a predetermined amount of time With respect to 
the shift direction of the shift data, a delaying circuit is pro 
vided. The delaying circuit can be realiZed by shift registers, 
for example, With the shift registers shoWn in FIG. 2. The 
number of shift registers in the delaying circuit is selected 
according to the amount of delay required. 

It should be noted that bi-directional scanning can also be 
realiZed, other than using the above shift registers, using 
?ip-?ops by sWitching their input and output With an analog 
sWitch. 

Further, the gate driver 1 and the source driver 2 are not 
necessarily required to accommodate bi-directional scan 
ning, and use of gate driver 1 and source driver 2 that are 
capable of only unidirectional scanning is also possible. 

Referring to FIG. 9, the folloWing describes an example of 
a fabrication process of the active-matrix substrate. 

First, an a-Si layer is deposited over the entire surface of, 
for example, the glass substrate 90 having an insulating prop 
er‘ty. In order to render the Si surface hydrophilic, an oxide 
?lm is formed thereon and an aqueous solution of nickel 
acetate is spin-coated on the oxide ?lm. 

Then, after solid-state groWth for 12 hours at 600° C., a 
SiO2 ?lm is deposited and the oxide ?lm is removed from the 
region other than the area to be the active region of the device. 

Thereafter, using the oxide ?lm as a mask, concentrated P+ 
ions are implanted (15 keV, 5><l0l5 cm_2) in portions of the 
poly-Si layer and a heat treatment is carried out at 600° C. for 
12 hours. Next, the SiO2 ?lm is removed and another SiO2 
?lm is deposited on the Si surface. Then, an oxidation process 
is carried out for about 30 minutes in an oxidative atmosphere 
containing hydrochloric acid for about 2 hours at 950° C. 
Thereafter, the Si ?lm, Which became unnecessary, is 
removed from the region other than the area to be the active 
region of the device. 

With the active-matrix substrate fabricated this Way, the 
TFTs and the scanning circuits of the gate and source drivers 
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1 and 2 contain continuous grain silicon, Which is polycrys 
talline silicon that results from crystalline growth promoted 
by a metal catalyst. 

The rest of the process is the same as that commonly used 
in forming ordinary polycrystalline silicon TFTs. Namely, 
the following elements are formed in order of appearance: 
The gate insulating ?lm 95, the gate electrodes, N+ (P+ ion) 
and P+ (B+ ion) implantation, a planariZing ?lm 97 containing 
SiO2 and BPSG, a contact hole 97a, the metal (AlSi) Wiring 
100, a SiNx ?lm 96, the interlayer insulating ?lm 94 made of 
SiO2, a light shielding ?lm, a via hole 94a, and the pixel 
electrodes 92 as transparent electrodes made of ITO or IZO. 
As a result, the scanning circuits and the TFTs 99 of the 
display section are formed. 

Note that, the BPSG in the planariZing ?lm 97 may be a 
resin such as acrylic resin or polyimide. 

The TFTs 99, Which are made of continuous grain silicon 
(CG-Si) that results from crystallization promoted by a metal 
catalyst, have mobility about 2 to 2.5 times greater than that of 
conventional high-temperature polycrystalline silicon TFT of 
about 100 cm2/V~sec. 

Note that, other than CG-Si, p-Si (polycrystalline silicon) 
may be used to fabricate the TFTs and the scanning circuits of 
the gate and source drivers 1 and 2. Testing of the scanning 
circuits can be carried out equally Well With p-Si. 

Further, the scanning directions (shift directions) in the 
bi-directional scanning of the gate and source drivers 1 and 2 
may be sWitched by sWitching the direction (left or right) of 
the signal into the clocked inverter, or by changing the set 
tings of the analog sWitches, as shoWn in FIG. 2 or FIG. 3(a) 
and FIG. 3(b). The input and output stages may be sWitched 
using analog sWitches 51 and 52, as shoWn in FIG. 5. 

The analog sWitches 51 and 52 are provided so that either 
analog sWitches 51 or analog sWitches 52 are selected and 
closed according to a scanning direction sWitching signal 
from an electrical circuit section. 

With the analog sWitches 51 closed, the gate driver 1 shifts 
the start pulse G-SP as shift data from the ?rst to m-th (last) 
stages. In the source driver 2, the start pulse S-SP is shifted as 
shift data from the ?rst to n-th (last) stage. 
The output of the m-th stage of the gate driver 1 and the 

output of the n-th stage of the source driver 2 are supplied to 
the EX-OR circuit (logic circuit) 50, Where logical operations 
are performed. 

The operating states of the gate scanning circuit and the 
source scanning circuit are judged normal When the output of 
the EX-OR circuit 50 after a predetermined elapsed time from 
the input of the start pulse S-SP or G-SP is l and When the 
outputs before and after this timing is 0. 
As With the analog sWitches 51, closing the analog 

sWitches 52 initiates the same logical operations except the 
scanning direction is reversed, so as to test the scanning 
circuits. 

Alternatively, the scanning circuits may be tested With a 
structure shoWn in FIG. 6. Namely, an EX-OR circuit 61 and 
an EX-OR circuit 62 are connectedparallel to the NAND gate 
21 and the inverter 22 and to the NAND gate 23 and the 
inverter 24 of FIG. 1, respectively, Wherein the output of the 
inverter 22 and the output of the EX-OR circuit 61 are sup 
plied to an NOR gate 63, and the output of the inverter 24 and 
the output of the EX-OR circuit 62 are supplied to an NOR 
gate 64, so as to supply the respective outputs of the NOR gate 
63 and the NOR gate 64 to an EX-OR circuit 65. 

By thus testing the scanning circuits, malfunction of the 
gate scanning circuit and/or source scanning circuit can be 
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10 
detected by detecting the output of a predetermined value (for 
example, “I”) at timings that should produce a different 
value. 

The foregoing embodiment described the case Where the 
display device is the liquid crystal display device. HoWever, 
the present invention is not just limited to the liquid crystal 
display device and the described advantages can also be 
obtained using other types of display devices, including dis 
play devices using electrophoretic or organic EL (electrolu 
minescence) light emitting diodes. 
The output signals of the scanning circuits may be divided 

using a multiplexer. In this Way, a smaller space Will be 
required and the number of shift register stages can be 
reduced. In addition, testing of the scanning circuits can be 
carried out over a Wider area. 

The scanning circuits may be additionally provided With 
phase difference detecting means for detecting a phase dif 
ference of the input start pulse and the corresponding shift 
data that is outputted from the last stage of the shift registers 
in the shift direction. 

In this Way, the scanning circuits can be accurately tested 
using the start pulse and the shift data that is outputted from 
the last stage of the shift direction after a predetermined delay. 

Second Embodiment 

Another embodiment of the present invention is described 
beloW With reference to FIG. 7. Note that, constituting ele 
ments that are functionally equivalent to those described in 
the First Embodiment are given the same reference numerals 
and explanations thereof are omitted here. 
As With the structure shoWn in FIG. 1 described in the First 

Embodiment, a liquid crystal display device of the present 
embodiment has gate and source drivers 1 and 2 that are 
capable of bi-directional shifting, and input pads 4 and 5, as 
shoWn in FIG. 7. 
The gate and source drivers 1 and 2 output signals from the 

last stages With respect to the shift directions. The output 
signal of each driver in either shift direction is selected by 
analog sWitches in response to input of a scanning direction 
sWitching signal. 
The selected output signal is supplied to an EX-OR circuit 

76 With or Without delay. 
The present embodiment uses three kinds of image display 

formats (display modes), Which are sWitched according to 
three kinds of display mode sWitching signals (MODE 1 
signal, MODE 2 signal, MODE 3 signal) (MODE 1, MODE 
2, MODE 3 in FIG. 7). In this example, the three kinds of 
display mode sWitching signals, When they are supplied to 
their respective input pads 75 in a combination of 0, 0, 0, 
branch off in the Wiring of the display mode sWitching circuit 
and enter a 3-input NOR gate (second NOR gate) 72 from the 
respective terminals, so as to effect a test mode. Table 1 below 
indicates an example of combinations of the three kinds of 
display mode sWitching signals. 

TABLE 1 

MODE 1 MODE 2 MODE 3 
SIGNAL SIGNAL SIGNAL 

MODE 1 1 1 1 
MODE 2 0 1 1 
MODE 3 1 0 x 
TEST 0 0 0 

In Table l, “0”and “l” are display sWitching DC levels of 
the MODE 1 signal, MODE 2 signal, and MODE 3 signal. 
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Indicated by “x” is the presence of a pulse signal, for example, 
during the blanking period. In the test mode, for example, all 
scanning outputs for the top and bottom areas (non-display 
areas) of the screen become ON(H). In response, the pixels 
display black in response to applied display data. 
More speci?cally, in the test mode, the three kinds of 

display mode sWitching signals are supplied to the NOR gate 
72 via analog sWitches that are driven by the outputs of the 
NOR gate 71 (?rst NOR gate). 

The output of the NOR gate 72 disconnects a PCG (pre 
charge control signal) from a signal line that does not affect 
operations of the scanning circuits (here, pre-charge control 
line). Instead, the output of the EX-OR circuit 76 is connected 
to an input terminal 74 of the pre-charge control line via an 
analog sWitch. 

Each input of the NOR gate 72 is connected to a capacitor 
(non-auxiliary capacitor) 73 of a small siZe for memory use. 
The capacitor 73 has enough capacitance to maintain the state 
of test mode even after one of the input pads 75 receives “1” 
and the NOR gate 72 is disconnected from the three kinds of 
display mode sWitching signals by the operations of the ana 
log sWitches. After a suf?cient lapse of time, the test mode 
automatically reverts to a normal operation mode (MODE 1, 
2, or 3). 

The output of the EX-OR circuit 76 is automatically fed to 
the input terminal 74 only in the test mode. The operating 
states (normal or abnormal) of the scanning circuits can be 
found by observing signals that are generated When a probe 
stylus is brought into contact With the input terminal 74, so as 
to ?nd Whether the output of the EX-OR circuit 76 is “l” at a 
predetermined timing and “0” at other timings. Namely, mal 
function of the scanning circuits can be con?rmed When “0” 
is found at a timing When “1” should be generated, and vice 
versa. 

In this Way, the operating states of the scanning circuits can 
be tested Without additionally providing a testing terminal. 

This makes it possible to test operating states of the scan 
ning circuits surely and quickly, even When there is not 
enough space for a neW terminal, as in small and ?ne resolu 
tion panels, mobile devices, and small and ?ne resolution 
liquid crystal display devices for projection use, in particular. 

Note that, combinations of the display mode sWitching 
signals are not just limited to the example of the present 
embodiment and any combination is possible. 

Third Embodiment 

Yet another embodiment of the present invention is 
described beloW With reference to FIG. 8. Note that, consti 
tuting elements that are functionally equivalent to those 
described in the First Embodiment are given the same refer 
ence numerals and explanations thereof are omitted here. 
As With the structure shoWn in FIG. 1 described in the First 

Embodiment, a liquid crystal display device of the present 
embodiment includes gate and source drivers 1 and 2 that are 
capable of sWitching shift directions, in addition to a testing 
pad 3 and input pads 4 and 5, as shoWn in FIG. 8. 

In response to input of the clock signal G-CK and the start 
pulse G-SP, the gate driver 1, With its shift direction set in the 
?rst direction, shifts the start pulse G-SP as shift data from the 
?rst to m-th (last stage of the ?rst direction) stages of the shift 
registers in synchronism With the clock signal G-CK. Here, a 
sWitch 84 is closed and a sWitch 85 is open. The sWitch 84 is 
open and the sWitch 85 is closed When scanning in the reverse 
direction and When no testing is carried out. 

The output of the m-th stage is temporarily latched by 
holding it in a latch circuit. With the ?rst shift direction 
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12 
reversed to the second direction, the output signal latched in 
the latch circuit is used as an input signal and the gate driver 
1 successively shifts this input signal as shift data from the 
m-th to ?rst (last) stages of the shift registers (the ?rst stage 
being the last stage of the second direction) in synchronism 
With the clock signal G-CK. 

The shift data transferred to the last (?rst) stage is tempo 
rarily latched in the latch circuit, and, With the next start pulse 
G-SP, supplied to an NAND gate 81, Where logical operations 
are carried out. 

Similarly in the source driver 2, the shift data transferred to 
the n-th stage and temporarily latched is transferred again as 
an input signal to the ?rst stage. The shift data transferred to 
the ?rst stage is temporarily latched, and, With the next start 
pulse S-SP, supplied to an NAND gate 82, Where logical 
operations are carried out. 
The output of the NAND gate 81 and the output of the 

NAND gate 82 are supplied to an EX-OR circuit 80, Where 
logical operations are carried out. 
The operating states of the scanning circuits can be tested 

by detecting Whether the output of the EX-OR circuit 80 is 
“l” at a predetermined timing and “0” at other timings. That 
is, malfunction of the scanning circuits can be con?rmed 
When “0” is found at a timing When the output should be “1”, 
and vice versa. 

Note that, the shift data from the m-th stage and the shift 
data from the n-th stage are temporarily latched at the timings 
according to horizontal and vertical blanking. Accordingly, it 
is not necessarily required to temporarily latch the shift data 
from these shift register stages When there is no blanking 
period. 

Alternatively, the operating states of the scanning circuits 
may be tested by comparing the shift data With the start pulse, 
instead of using the NAND gates 81 and 82. 
As described, a display device (for example, liquid crystal 

display device) of the present invention includes: a gate driver 
for line-sequentially selecting pixels that are disposed in a 
matrix, so as to scan the pixels; a source driver for supplying 
a data signal to the pixels of a selected line; and a substrate, at 
least one of the gate driver and the source driver being mono 
lithically formed on the substrate, Wherein: the gate driver and 
the source driver each comprises a scanning circuit, and the 
scanning circuit of at least one of the gate driver and the 
source driver monolithically formed on the substrate periodi 
cally receives a clock signal and a start pulse, the start pulse 
having a certain Width and being shifted as shift data in the 
scanning circuit in synchronism With the clock signal, and the 
start pulse is supplied to a ?rst logic circuit With an output that 
is supplied after a predetermined delay from a last stage of the 
scanning circuit With respect to a shift direction of the shift 
data corresponding to the start pulse, so as to test the scanning 
circuit using a ?rst output from the ?rst logic circuit (see FIG. 
1). 
According to this arrangement, the start pulse and the shift 

data are used to test the scanning circuit, Where the shift data 
is the output that is supplied after a predetermined delay from 
the last stage of the scanning circuit With respect to the shift 
direction. 

In this Way, because the pulse With a certain Width is used 
as a test signal for logical operations, other pulses are pre 
vented from being recogniZed as the test signal. 

This ensures that the scanning circuit is judged properly. 
Namely, it is possible to judge Whether the scanning circuit is 
operating properly. 

Further, by monolithically forming the driver on the sub 
strate, the scanning circuit of the driver (driving circuit) can 
be formed in the same process of forming the sWitching 
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elements. This eliminates the need to additionally forming the 
driver LSI, for example, and thereby reduces manufacture 
cost and the number of installation steps. 

It is preferable in the display device that at least one of the 
gate driver and the source driver monolithically formed on the 
substrate comprises switching means for switching shift 
directions of the shift data, the clock signal and the start pulse 
being supplied to the scanning circuit of at least one of the 
gate driver and the source driver monolithically formed on the 
substrate, and the ?rst output in each shift direction is sup 
plied to a second logic circuit, so as to test the scanning circuit 
using a second output from the second logic circuit. 

According to this arrangement, it is ensured that the scan 
ning circuit is judged in either direction. 

Another display device of the present invention includes: a 
gate driver for line-sequentially selecting pixels that are dis 
posed in a matrix, so as to scan the pixels; a source driver for 
supplying a data signal to the pixels of a selected line, and a 
substrate, the gate driver and the source driver being mono 
lithically formed on the substrate, Wherein: the gate driver and 
the source driver each comprises a scanning circuit that has 
sWitching means for sWitching shift directions, the scanning 
circuit periodically receiving a clock signal and a start pulse, 
the start pulse having a certain Width and being shifted as shift 
data in the scanning circuit in synchronism With the clock 
signal, and the start pulse supplied to the scanning circuit of 
the gate driver in each shift direction is supplied to a ?rst logic 
circuit With an output that is outputted after a predetermined 
delay from a last stage of the scanning circuit of the gate 
driver With respect to the shift direction of the shift data 
corresponding to the start pulse, the ?rst logic circuit supply 
ing a ?rst output to a second logic circuit With respect to each 
shift direction, and Wherein: the start pulse supplied to the 
scanning circuit of the source driver in each shift direction is 
supplied to a third logic circuit With an output that is supplied 
after a predetermined delay from a last stage of the scanning 
circuit of the source driver With respect to the shift direction 
of the shift data corresponding to the start pulse, the third 
logic circuit supplying a third output to a fourth logic circuit 
With respect to each shift direction, and the second logic 
circuit and the fourth logic circuit respectively supply a sec 
ond output and a fourth output to a ?fth logic circuit, and the 
?fth logic circuit supplies a ?fth output that is used to test the 
scanning circuits of the gate driver and the source driver. 

According to this arrangement, because the pulse With a 
certain Width is used as a test signal for logical operations, 
other pulses are prevented from being recogniZed as the test 
signal. 

This ensures that the scanning circuit is judged properly. 
Namely, it is possible to judge Whether the scanning circuit is 
operating properly. 

In addition, the scanning circuit can be judged properly, for 
example, even in devices such as small and ?ne resolution 
panels, mobile devices, and small and high resolution display 
devices for projection use, Without increasing the area or 
complexity of the circuit. 

It is preferable that the display device further includes a 
testing terminal that is connected to the ?fth output. 

According to the foregoing arrangement, one or more or all 
of the outputs from the last stage of the scanning circuit can be 
supplied as one signal to a single testing terminal (for 
example, pad) through the simple logic circuit. This enable 
the scanning circuit to be readily judged, for example, by 
bringing a probe stylus into the testing terminal. 

Yet another display device of the present invention 
includes: a gate driver for line-sequentially selecting pixels 
that are disposed in a matrix, so as to scan the pixels; a source 
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driver for supplying a data signal to the pixels of a selected 
line, and a substrate, the gate driver and the source driver 
being monolithically formed on the substrate, Wherein: at 
least one of the gate driver and the source driver comprises: 
sWitching means for sWitching shift directions; and an analog 
sWitch for selecting a start pulse or an output from a last stage 
of either shift direction, the gate driver and the source driver 
each having a scanning circuit that periodically receives a 
clock signal and the start pulse in each shift direction, the start 
pulse having a certain Width and being shifted as shift data in 
the scanning circuit in synchronism With the clock signal, and 
the output from the last stage of the scanning circuit is sup 
plied to a logic circuit, and the logic circuit outputs a signal 
that is used to test the scanning circuits (see FIG. 5). 

According to this arrangement, because the pulse With a 
certain Width is used as a test signal for logical operations, 
other pulses are prevented from being recogniZed as the test 
signal. 

This ensures that the scanning circuit is judged properly 
With a simple structure in either shift direction. Namely, it is 
possible to judge Whether the scanning circuit is operating 
properly. 

It is preferable in the display device that the scanning 
circuit is tested to judge an operating state of the scanning 
circuit, by detecting the last output of the scanning circuit and 
the logic circuit for testing after a predetermined time period 
from the input of the start pulse. 

Namely, it is preferable that the scanning circuit is judged 
normal When the last output after a predetermined time period 
from the input of the start pulse has a predetermined value 
different from the values of the last output before and after 
this timing. 

Speci?cally, the ?rst logic circuit is composed of an NAND 
gate and an inverter, and the second logic circuit is composed 
of an NOR gate, and the scanning circuit is judged normal 
When the second output after a predetermined time period 
from the input of the start pulse is l or 0 and When the second 
output before and after this timing is 0 or 1, With respect to the 
output, 0 or 1, from the last stage of the scanning circuit in the 
shift direction of the start pulse. 
According to this arrangement, the logic circuit, With its 

simple judging function, can judge the scanning circuit 
according to the value of the output that is supplied at a 
predetermined timing. 

Accordingly, the scanning circuit can be judged both 
quickly and accurately. 

It is preferable that the display device further includes 
delaying means for delaying the output from the last stage of 
the scanning circuit With respect to the shift direction for a 
predetermined time period, so as to shift the output through a 
predetermined number of stages. 

According to this arrangement, the scanning circuit can be 
judged With a simple structure using the start pulse and the 
shift data, Where the shift data is the output that is supplied 
after a predetermined delay from the last stage of the scanning 
circuit in the shift direction. 

It is preferable in the display device that the delaying 
means is a shift register. 

According to this arrangement, the scanning circuit can be 
judged in either direction With a simple structure. 

It is preferable in the display device that the logic circuit is 
an exclusive OR circuit and the scanning circuit is judged 
normal When the output signal from the logic circuit after a 
predetermined time period from the input of the start pulse 
has a value 1 and When the output signal before and after this 
timing has a value 0. 






